By interaction of cotton-seed oil triglycerides with monoethanolamine monoethylolamide of cotton-seed oil acid fraction is obtained which is further phosphated by orthophosphoric acid. The obtained phosphate-derivative is reacted with mono-, di-and triethanolamine synthesizing respective ethanolamine complexes. The structure and composition of these complexes were identified by NMR ( 1 H and 13 C) and IR-spectroscopy methods. Some of the physico-chemical indices of the ethanolamine complexes have been determined. By stalagmometric measurements their high surface activity at the water-kerosene border has been shown. Laboratory tests revealed strong petroleum collecting and dispersing properties of these complexes that enable to remove thin petroleum films from the water surface.
Contamination of the World Ocean with petroleum is one of the most serious ecological problems standing before the mankind. Petroleum spills occurring due to various reasons lead to formation of thick slicks. Such petroleum slicks may be liquated using special mechanical devices. After such operations thin petroleum films inevitably remain on the water surface. These films may be removed only applying colloidal-chemical means which include usage of petroleum-collecting and petroleum-dispersing reagents [1] [2] [3] [4] . Among such reagents which are surfactants, of a particular interests are reagents based on renewable and alternative raw materials. Here, first of all, vegetable oils should be mentioned which are harmless to environment and cheap [5] [6] [7] [8] . In the present article considered new surfactants possessing petroleum-collecting and dispersing effectiveness were synthesized on the basis of cotton-seed oil which is an available raw material in our country also having a relatively low cost.
Experimental
Cotton-seed oil is a local commodity product. Among residues of saturated flatty acids in this oil triglycerides, miristic acid (C 14 ) constitutes 0.3-0.5%, palmitic acid (C 16 ) -20.0-22.0%, stearic acid (C 18 ) -2.0%, arachinic acid (C 20 ) -0.1-0.6%. From unsaturated fatty acids, residues of oleic acid (C 18 ) make up 30.5-35.2% and those of linoleic acid (C 18 ) -41.7-44.0%.
Monoethanolamine (MEA) was a reagent of pure grade produced by Olaynen Chemical Reagents Factory (Latvia).
Diethanolamine (DEA) was a product of pure analytical grade of Merck (Germany).
Triethanolamine (TEA) was from Kazan-orgsintez Joint Stock Company (Russian Federation).
The above-mentioned thriethanolamines were used without any purification procedures.
Orthophophoric acid was used as 86% wt. aqueous solution produced by Component-Reactant Joint Stock Company (Russian Federation).
Water used as a bidistillate. Surface activity of the synthesized surfactants was estimated at the water-kerosene border by stalagmometric method.
Specific electroconductivity (ϰ) of the surfactants aqueous solutions was measured by An-ion 4120 conductometer (Russian Federation). NMR 1 H and NMR 13 C spectra were registered by Bruker Advance II 300.13 (75.468 for 13 C) spectrometer under room conditions. IR spectra were recorded by Vertex 70 (Bruker) spectrometer in the range 4000-400 cm -1 using KBr pellets.
Petroleum collecting and dispersing properties of the synthesized surfactants were studied by the following procedure both for purestate reagents and their 5 wt % aqueous solutions. In the laboratory tests, Ramana petroleum (density at 20 0 C -0.862 g/ml, kinematic viscosity at 20 0 C -16.80 cSt) was used. Into Petri dish, 40 ml of petroleum is added. After formation of thin petroleum layer [thickness is ~(0.16-0.17) mm] 0.02 g of surfactant (or its 5.0 wt % aqueous solution) is given onto the petroleum layer from the peripheral side. Petroleum-collecting coefficient is calculated according to the relationship K=S 0 /S, where S 0 is the area of the petroleum layer surface prior to addition of a reagent whereas S is a current area of the surface of petroleum spot formed under the action of the reagent. Time intervals -τ of measurements were also registered. The values of petroleum-collecting coefficient at different times enable to judge about dynamics of change of reagents impact.
Results and discussion
The reactions of obtaining monoethylolamide of cotton-seed oil acid fraction are conducted in an autoclave made of stainless steel and equipped with temperature-regulating system at 140-160 0 C. This reaction is carried out without a solvent and a special catalyst at molar ratio of cotton-seed oil triglycerides and MEA equaling 1:3 monoethylolamide is formed according to this reaction scheme (R is hydrocarbon radical of fatty acid) [5, 6] :
Phosphation of the obtained monoethylolamide with the purpose to increase its hydrophilicity is performed with participation of equimolar amount of ortophosphoric acid. This reaction is carried out in a thermostat at 50-60 0 C during 20-23 hours. The scheme of obtaining phosphate-derivative of monoethylolamide may be described as follows:
This reaction is accompanied with an increase of viscosity and colour darkening.
Then, to the obtained phosphate-derivative, ethanolamine (separately MEA, DEA and TEA) is added at equimolar ratio. Complexation reaction is conducted at 50-60 0 C in a thermostat during 20 hours. Further increase of viscosity and colour darkening are observed. The scheme of complexation reactions may be written in such a form:
where x may be 0, 1 or 2.
. . Identification of the synthesized complexes was made using NMR ( 1 H and 13 C) and IR spectroscopy methods. In Figure 1a Surface activity of the synthesized complexes has been studied at the water-kerosene border by stalagmometric method. The results of stalagmometric measurements have been included into Table 2 .
As is seen from the obtained results, all three complexes exhibit surface activity at the indicated border. The most active one is MEA complex which decreases the interfacial tension from 46.0 down to 2.1 mN/m (at 5% concentration). The least active is TEA complex (9.2 mN/m at the same concentration).
The results of laboratory tests of the synthesized complexes on petroleum-collecting and petroleum-dispersing capacities have been presented in Table 3 .
These results show that the synthesized complexes manifest high petroleum-collecting and petroleium-dispersing capacities. Thus, for 5% aqueous solution of MEA complex, the duration of the reagent action in fresh water is longer than 13 days, the value of K being 42.6. In the sea water, this solution is a strong dispersant (τ˃13 days). 5% aqueous solution of DEA complex demonstrates good dispersing properties both in fresh and sea waters (τ˃13 days). 5% aqueous solution of TEA complex shows a mixed (petroleum-dispersing-collecting) capability in fresh water (K max =28.6, τ˃13 days) and purely dispersing properties in the sea water (τ~10 days). Thus, it has been established that phosphation of monoethylolamide of cotton-seed oil acid fraction and further complexation of the phosphate with MEA, DEA and TEA enable to obtain ethanolamine complexes which have a high surface activity at the water-kerosene border and possess strong petrocollecting and petrodispersing properties that make possible to use them for removing thin oil films from the water surface. 
